In the course of our continuing research on biologically active glycosphingolipids (GSLs) from echinoderms, a series of studies on the isolation and structural elucidation of biologically active GSLs have been performed in our laboratory. [1] [2] [3] [4] [5] [6] In the study of the GSLs of the feather star Comanthus japonica (Nipponumishida in Japanese), we reported on the isolation and structural elucidation of inositolphosphoceramide, CJP1, 7) and the glycosyl inositolphosphoceramide-type gangliosides CJP2 and CJP3. 8) Continuing the preceding studies, further isolation and characterization of the more polar ganglioside from C. japonica was conducted. In this paper, we report on the isolation and structure of a glycosyl inositolphosphoceramide-type ganglioside from the whole bodies of C. japonica. The biological activity of the ganglioside is also reported.
The polar lipid fraction, which was obtained from the chloroform/methanol extract of the whole bodies of C. japonica, was subjected to repeated column chromatography to give a polar compound, designated as CJP4 (Fig. 1) , showing a single spot on silica gel thin-layer chromatography (TLC).
CJP4 shows strong hydroxy, amide and phosphate sbsorptions in the IR spectrum and exhibits a positive reaction to the Dittmer-Lester reagent, 9) which indicates the presence of a phosphate group. The negative FAB-MS exhibits quasimolecular ion peaks [MϩKϪ2H] Ϫ at m/z 1835 and 1863 together with fragment ion peaks at m/z 834 and 862 and 672 and 700 as shown in Fig. 2 . When CJP4 was hydrolyzed with 5% acetic acid, CJP1, L-myo-inositol-1-O-phosphoceramide, was obtained. In the previous papers, 7, 8) CJP1 was described as D-myo-by misreading the value of the specific rotation of the reference compound. It is corrected to L-myo-in this paper. Therefore CJP4 is suggested to be a glycosyl inositolphosphoceramide with CJP1 as the core structure. Furthermore, the 13 C-NMR spectrum of CJP4 shows signals due to three anomeric carbons at d: 99.8, 100.5, and 100.5 and methoxy groups at d: 59.0. These data indicate that CJP4 contains one additional mole of monomethylated N-glycolylneuraminic acid (NeuGc) compared with CJP3 (Fig. 3) .
The structure of the ceramide moiety of CJP4 was verified as follows. When CJP4 was subjected to mild alkaline hydrolysis with 1 N KOH, the ceramide fraction (CJP4Cer) was obtained. CJP4Cer was methanolyzed with methanolic hydrochloric acid, and a mixture of fatty acid methyl esters (FAM) and long-chain base (LCB) was obtained. The FAM mixture was analyzed using GC-MS, which revealed the presence of C 22:0 and C 24:0 normal fatty acid. On the other hand, the LCB was characterized as C 16 -sphingosine, based on GC-MS analysis of its TMS derivative. The stereochemistry of the ceramide moiety is presumed to be (2S, 3R, 4E), since the 1 H-NMR spectrum of the ceramide was in good agreement with that of the ceramide obtained from CJP1 7) which has the 2S, 3R, 4E configuration. Furthermore, signals due to the methyl groups are observed at 13.9 ppm in the 13 C-NMR spectrum of CJP4, which indicates that the LCB also has the normal type of alkyl chain.
The structure of the glycosyl (trisialoyl) moiety of CJP4 was established as follows. CJP4 was methylated with CD 3 I according to the Ciucanu-Kerek method 10) and yielded the perdeuteriomethylated product CJP4Ma. Upon methanolysis followed by acetylation of CJP4Ma, the partially trideuteriomethylated NeuGc (S-1, S-2) derived from the terminal 9-O-Me-NeuGc and 11-linked 9-O-Me-NeuGc were detected in GC-MS analysis, which indicated the presence of the trisialoyl moiety
The linkage site of the trisialoyl moiety to the myo-inositol portion was elucidated by methylation linkage analysis combined with ammonolysis.
11) The permethylated CJP4, CJP4Mb, was hydrolyzed with aqueous NH 3 to give the partially methylated inositol derivative, S-3. S-3 was identified as 2,4,5,6-tetramethylated myo-inositol by comparison of its 1 H-NMR spectrum with that of the myo-inositol derivative prepared from CJP2. 8) Consequently, the trisialoyl residue must be linked at the C3-OH group of the inositol part, as shown in Fig. 1 .
The configurations of NeuGc are believed to be a on the basis of their anomeric carbon signals (d: 99.8, 100.5, 100.5) 12) in the 13 C-NMR spectrum of CJP4. Consequently, if NeuGc is assumed to belong to the most commonly found D-series, then CJP4 is
-inositolphosphoceramide, which contains C 16 -sphingosine and C 22 : 0 and C 24 : 0 fatty acid, as shown in Fig. 1 .
The effects of CJP4 on neuritogenesis in the rat pheochromocytoma cell line (PC12 cells) have been investigated together with those of CJP1, CJP2, and CJP3 (see Fig. 3 ). The results showed that all four compounds displayed neuritogenic activity in the presence of nerve growth factor (NGF). The proportions of the neurite-bearing cells at a concentration of 10 mM were 47.7% (CJP1), 49.5% (CJP2), 49.3% (CJP3), and 49.1% (CJP4) when compared with the control (NGF, 3 ng/ml: 16.6%). Furthermore, the effects were more potent than that of the mammalian ganglioside GM 1 (20.1%).
To the best of our knowledge, CJP4 is the first trisialo-glycosyl inositolphosphoceramide-type ganglioside. The isolation and characterization of such neuritogenically active gangliosides is attracting considerable attention with regard to the manufacture of new medicines from marine natural products.
Experimental
Melting points were determined on a micromelting point apparatus (Yanako MP-3) without correction. IR spectra were obtained on a Jasco FT/IR-410 infrared spectrophotometer. NMR spectra were recorded on a Varian Unity-500 spectrometer ( Separation of CJP4 For the extraction and fractionation of the crude ganglioside fraction from the whole bodies of the feather star C. japonica (7.6 kg), the preceding paper should be referred to. 8 Fig. 2 ). Alkaline Hydrolysis of CJP4 CJP4 (7 mg) was hydrolyzed with 1 N KOH at room temperature for 14 h. The hydrolyzate was neutralized with 2 N HCl and passed through Cosmosil 140 C 18 -PREP [solvent 50% MeOH to CHCl 3 -MeOH (1 : 2)] to give CJP4Cer (3.3 mg).
CJP4Cer: Methanolysis of CJP4Cer CJP4Cer (1 mg) was heated with 5% HCl in MeOH (0.5 ml) at 70°C for 2 h in a small-volume sealed vial. The reaction mixture was then extracted with n-hexane, and the extract was concentrated in vacuo to yield a mixture of FAM. The MeOH layer was neutralized with Ag 2 CO 3 , filtered, and the filtrate was concentrated under a stream of N 2 to give LCB.
GC-MS Analysis of FAM from CJP4Cer
A FAM mixture from CJP4Cer was subjected to GC-MS [column temp. 150-250°C (rate of tem- Ammonolysis of CJP4Mb CJP4Mb was heated with 28% aqueous NH 3 at 150°C for 12 h in a sealed pressure tube (Ace Glass Incorporated). The reaction mixture was evaporated and dried with an air stream to give the residue containing the partially methylated inositol derivative. The residue was chromatographed on silica gel [solvent CHCl 3 -acetone (6.5 : 3.5)] to give S-3 (2,4,5,6-tetramethylated myo-inositol). 
